Porous preform reinforced aluminum alloy composite were prepared by the infiltration of molten metal using a low-pressure casting. The infiltration behavior of the filling pattern and the velocity profile obtained for alloys fabricated by the low-pressure casting process was investigated. The infiltration times in the case where a barrier palate was placed on the preform and at the pressure acceleration times of 1, 2 and 5 s were experimentally investigated under a constant applied pressure of 0.4 MPa.
Introduction
To be able to utilize aluminum alloy matrix composites (Al/MMCs) for automobile parts, it is necessary to improve their mechanical properties and reliability. The squeeze casting process has a major advantage in that it yields highperformance composites, and actually many automobile engine parts, such as engine pistons, cylinder liners, engine block discs and so on, have been produced by squeeze casting. 1, 2) However, these composites are expensive and unsuitable for the production of parts with complex shapes.
Low-pressure aluminum-alloy casting has the advantage that it lends itself well to semi-automatic production of highquality, high-strength parts, which dramatically reduces the labor costs. 3, 4) It is thought that the costs of low-pressure casting are lower than those of squeeze casting, and that the process yields better complex-shaped products than squeeze casting, because no deformation of the preform occurs. However, in spite of its many advantages, the low-pressure casting process has not yet been fully appreciated. The main problem is the lack of understanding for the process; that is to say, the die design and operation have not been properly incorporated into the machines to make the best of the process. 5) Recently, a low-pressure infiltration technique has been used to produce Al/MMCs for automobile parts because of its high cost effectiveness and easy handling. Oda, et al. have developed an Al/MMC diesel engine piston using the low-pressure casting process. 6) This study presents the results of our experiments on the infiltration behavior of molten alloy inside a preform. Furthermore, the cause of pore generation inside the composite is discussed and the optimal casting conditions under which low pores are generated inside the composite are presented.
Materials and Experimental Procedure
The process of low-pressure casting is illustrated in Fig. 1 . In our experiment, after pouring molten aluminum alloy into the mold, a reducing pressure of 0.05 MPa was applied to the air vent part by vacuum pump. The purpose of the reducing pressure was to remove the air inside the mold. Then, a pressure of 0.4 MPa was applied to the molten alloy by compressor. The pressure acceleration time was changed from 1 to 5 s. The pressure acceleration time is the time needed to reach 0.4 MPa, the maximum plunger pressure, as shown Fig. 1 . The preheating temperature of the preform was 673 K. The preform was placed in the metal mold. The temperature of the mold was approximately 523 K. Molten aluminum alloy with a temperature of 1023 K was poured into the mold. The volume fraction of the FeCrSi preform was 20%. Preform is a doughnut type of 18 mm in the inside diameter, 48 mm in the outside diameter, and 8 mm in height. Figure 2 show the SEM photograph of FeCrSi preform of the volume rate 20%. The measurement of the infiltration behavior was carried out using type-K thermocouples with a diameter of 1 mm and a stainless steel sheath. The sampling time of the thermocouples was 7 ms. The thermocouples were inserted into 8 holes in the preform. The positions of the thermocouples inside the preform and the preform size are shown in Fig. 3 . The thermocouples were used to measure the changes in temperature, which indicate the infiltration times at which the molten alloy arrives at each thermocouple in the preform. The molten alloy infiltrated the preform from the side and the bottom, but not the upper part, because a barrier plate was placed on the preform. The effect of the barrier plate was explained in previous study; 7) namely, the molten alloy did not collide with itself when a barrier plate was introduced, due to the unidirectional flow of the molten alloy inside the preform.
Results and Discussion

Experimental results for the infiltration behavior
The infiltration behavior at the pressure acceleration time of 1, 2 and 5 s was investigated under a constant pressure of 0.4 MPa. The infiltration behavior was determined from the data given by the thermocouples inside the preform; a rapid change in temperature indicated that the molten alloy had reached the position of the inserted thermocouples. 
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3.2 Porosity as a result of the imperfect infiltration of the molten alloy The composites produced through the imperfect infiltration of the molten alloy contained pores. Figure 7 shows the porosity at each position of the sample composite. The porosity was determined by optical microscopy and SEM, based on the total area of pores inside the composite. Numerous pores around the reinforcing metal fibers were observed at the side of the mold. The porosity of the composites produced at the pressure acceleration time of 1, 2 and 5 s under the applied pressure of 0.4 MPa was estimated to be 0.36%, 0.48% and 0.78%, respectively. The porosity decreased with increasing pressure acceleration time. Therefore, the porosity depended on the pressure acceleration time. An increase in porosity due to a rapid decrease in the temperature of the molten alloy was expected, because of the low mold temperature. Hence, the porosity at the pressure acceleration time of 1 s was lower than at a pressure acceleration time of 2 or 5 s, which indicates that the porosity of the fabricated composite depended on the pressure.
Conclusions
In this study, the infiltration behavior and infiltration time of molten alloy inside a preform were determined experimentally. The results can be summarized as follows.
(1) The infiltration times in the case where a barrier palate was placed on the preform and at the pressure acceleration times of 1, 2 and 5 s were experimentally investigated under a constant applied pressure of 0.4 MPa. The infiltration at the pressure acceleration time of 1, 2 and 5 s ended in 5.36, 5.8 and 6.2 s, respectively. Hence, the infiltration time was short if the pressure acceleration time was short.
(2) The porosity at the pressure acceleration time of 1 s under applied pressure 0.4 MPa was lower than at a pressure acceleration time of 2 or 5 s, which indicates that the porosity of the fabricated composite depended on the pressure. 
